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Approved Date SUMMARY A characterization study was performed on monosodium titanate (MST) particles to determine the effect of high shear forces expected from the In-Tank Precipitation (ITP) process pumps on the particle size distribution. The particles were characterized using particle size analysis and scanning electron microscopy (SEM). No significant changes in particle size distributions were observed between as-received MST and after 2-4 hours of shearing. Both as-received and sheared MST particles contained a large percentage of , porosity with pore sizes on the order of 500 to 2,000 Angstroms. Because of the large :
percentage of porosity, the overall surface area of the MST is dominated by the internal surfaees. The uranium and plutonium species present in the waste solution will have access to both interior and exterior surfaces. Therefore, uranium and plutonium loading :
should not be a strong function of MST particle size.
INTRODUCq'ION
Monosodium titanate (MST) will be used in the in-Tank Precipitation (ITP) process to adsorb radio-strontium species from SRS salt solution, x Low concentrations of fissile -Authorized Derivative Classifier _ materials present in the salt solution, such as plutonium-239 and uranium-235, will also be adsorbed by the MST. 2 It has been postulated that a change in the particle size distribution of the MST particles may alter the adsorption characteristics. During the ITP process, the MST particles will be subjected to high shear forces in the mixing pumps and in the metal cross-flow filter.
The MST particle size distribution may be changed by (1) breaking due to the high shear forces and/or (2) separation due to differential settling in the tank.
The objective of this experimental program was to determine the effect of high shear and settling on the particle size and morphology of the particles. Particle size analysis and Scanning Electron Microscopy were used to characterize the MST particles.
EXPERIMENTAL

MST Slurries
The as-received MST slurries used in this experiment were prepared by AFF, Inc. and Boulder Scientific Company (Lot # BSC-265-0005). The AFF slurry has been used in previous studies performed at TNX and has a strontium decontamination factor (DF) of 65 at an MST concentration of 0.5 g/l. The BSC slurry has a strontium DF value of 240 at an MST concentration of 0.5 g/l.
The AFF and BSC slurries were diluted with equal volumes of water and subjected to high shear in a high speed blender for 2 hours to simulate the action of the mixing pumps. The BSC slurry was also given an additional 2 hour treatment in the high speed blender. The as-received and blended particles were then characterized by particle size analysis and scanning electron microscopy.
Samples from an earlier study were also characterized to determine the effect of settling on the particle size distribution. The AFF slurry was physically separated into "large" and "small" particle fractions in the earlier study by a combination of flotation and , settling techniques. 2
Characterization
A Brinkman Model 2010 Particle Size Analyzer was used to determine particle size distributions of each slurry. The Brinkman Analyzer uses a laser light scattering technique to determine particle size. A 10_, sample of each slurry was dispersed in approximately 2 ml of deionized water in the analyzer sample vial. Three samples from each slurry were analyzed. The particle size distribution for each slurry is based on the average of the three samples.
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An Environmental
Scanning Electron Microscope (ESEM) and a High Resolution Scanning Electron Microscope (HRSEM) were used to examine the morphology of the MST particles. The FSEM is capable of analyzing partially wet samples under low vacuum. Samples of each slurry were viewed with the ESEM while a vacuum was slowly applied. No changes in particle morphology were observed as the water was evaporated from the particles. Samples were prepared for the HRSEM by vacuum drying the slurries and then coating the MST particles with Au/Pf.
The particles were viewed with the HRSEM in a high vacuum stage at magnifications up to 200,000X.
RESULTS AND DISCUSSION
BSC Monosodium Titanate
Sheafing had no "affect on the particle size distribution and morphology of the BSC MST slurry. Figure 1 shows the particle size distribution based on volume for the as-received BSC MST and after 2 and 4 hours of sheafing. As shown, the distributions for the asreceived and sheared materials are ali within a few percent of one another. The BSC material in ali cases exhibited a very narrow distribution with approximately 75 volume % of the particles having diameters within 5 and 15/z m. The ESEM analysis confirmed that there is no significant change in the size and shape of the particles after sheafing. The particles were fairly spherical and were fairly uniform in size.
The High Resolution Scanning Electron Microscope (HRSEM) wasused to examine individual particles at very high magnifications. Figure 2 shows HRSEM micrographs of a single particle from the BSC MST as-received (50,400X magnification) and after 4 hours of sheafing (60,300X magnification). Both micrographs reveal a high percentage of porosity with pore sizes ranging from approximately 500 to 2000 angstroms (,/_) [1O/_ = 1 nanometer (nm)].
AFF Monosodium Titanate
Sheafing had no significant effect on the particle size distribution and morphology of the AFF MST slurry. Figure 3 shows the particle size distribution based on volume for the as-received AFF MST and after 2 hours of shearing. The as-received and sheared AFF MST have a wider particle size distribution as compared to the BSC MST. There was a slight increase in the percentage of smaller particles in the sheared AFF MST as compared to the as-received. The differences observed were mostly in the 5 to 20/z m size range and is not considered a significant difference. The ESEM analysis revealed that the as-received AFF MST contained many agglomerated particles which were not present in the sheared slurry (Figure 4 ). There was no significant decrease observed in the size of the individual particles after blending. Therefore, the change in particle size distribution is primarily due to deagglomeration.
This deagglomeration should not significantly affect the MST loading. Figure 5 shows the particle size distribution based on volume for the as-received, "small particle" and "large particle" fractions of the AFF MST. As expected, there is a slight increase in the percentage of smaller particles in the "small particle" fraction and a slight increase in the percentage of larger particles in the "large particle" fraction as compared to the as-received. The differences, however, are minimal and occur in the range of 2 and 10/_ m sizes.
: Figure 6 shows HRSEM rnierographs of a single particle from the AFF MST as-received (102,000X magnification) and after 2 hours of shearing (204,000X magnification). Similar to the BSC slurry, both micrographs reveal a high percentage of porosity with pore sizes ranging from approximately 500 to 2000 angstroms (A). Similar porosity was observed in the "small particle" and "large particle" fractions.
MST Loading
lt has been postulated that strontium, uranium and plutonium species adsorb on both internal and exterior surfaces of MST particles. The MST particles exhibit a large percentage of open porosity as described above, and thus, the overall surface area of the particles is dominated by internal surfaces. Therefore, changes in particle size distributions, either by _numaion, diffamaial settling or breaking would not significantly affect the " MST sta'face area and would not significantly a_ct MST loading. This is consistent with earlier studies in which changes in the particle size distribution of MST did not significantly affect the loadings of strontium and uranium. 2
The ionic radii for various valence states range from 0.83 to 1.005 ,/_ for uranium and 0.81 to 0.974 ,_ for plutonium. 3 The interatomic distance for the uranyl(VI) (UO2 2+ ) and plutonyl(V) (PuO_ .) ions are 1.71 A and 1.98 A, respectively. In the hydrolysis of the uranyl ion, the oxygens present as hydroxo-and oxo-bridges are 2.3-2.4 and -2.2 A from the uranium atoms. Therefore, the diameter of uranyl and plutonyl species expected to be present in alkaline salt solutions would be in the range of 5 -10 A, which is signifacantly less than the pore sizes (500 -2000 A) observed in the MST particles. Because of the large percentage of porosity and relatively large pore sizes of the MST ' particles, the uranyl and plutonyl species are not expected to be excluded from the internal surfaces of the MST particles and should adsorb onto all of the available surface area.
CONCLUSIONS
The BSC and AFF MST particle size distributions and morphology were not significantly affected by high shear forces in high speed blending. The MST particles contain a large • percentage of porosity greater than 500 A in diameter. For each of these materials, the uranium and plutonium species present in the waste solution have access to both interior J.E. Marra
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and exterior surfaces. Therefore, loading should not be a strong function of particle size for these materials ....
FUTURE WORK
The BSC and AFF MST as-received and blended slurries will be freeze-dried.
Comparisons of the total surface area between the as-received and blended MST wiU be perfomed on the dried powders using BET analysis. .E. Marra WSRC-TR-93-029 Page 6 VOLUME DISTRIBUTION 
